A comprehensive descriptive analysis of gender wage differences over a long time period does not exist for West Germany. Using an empirical approach which explicitly takes into account changes of wage distributions for both males and females as well as life-cycle and birth cohort effects, we go beyond conventional decomposition techniques of the average gender wage gap. The paper provides stylized facts of the level and dynamics of the gender wage gap from 1975±95. The empirical analysis is based upon the IAB employment subsample. Our findings confirm the importance of distributional effects relating to skill level and employment status. While life-cycle wage growth is in general much lower for females compared to males, comparing their estimated time trends implies that the gender wage gap has narrowed substantially in the lower part of the wage distribution especially for low-and medium-skilled females but much less so in the upper part of the wage distribution. Surprisingly, we do not find any cohort effects for wages of female employees.
INTRODUCTION
The wage structure in West Germany is often alleged to be fairly stable and, although growing, labor force participation of women is still lower than in many other OECD countries. 1 At the same time, the formal skill level of the German workforce is improving very quickly with disproportionate gains for women. Finally, a lot of political and social efforts have been undertaken to promote labor market chances of female workers. Therefore, it is of great interest to investigate empirically the change of wage differences between male and female workers. Using the IAB employment subsample, a large micro data set for the time period from 1975 to 1995, this paper provides a comprehensive descriptive analysis of the level and the dynamics of the gender wage gap across the entire wage distribution taking into account life-cycle and birth cohort effects.
Based on limited survey data, international comparative studies generally find a slowly but steadily declining gender wage gap in mean wages for West Germany (Blau and Kahn, 1996; Joshi and Paci, 1998) . 2 Despite a considerable reduction, gender differentials persist in all industrialized nations. Moreover, the size of the gender wage gap varies across countries. While the Scandinavian countries had pay ratios of 80±90% in the late 1980s and early 1990s, in Western Europe and the United States, pay ratios amounted to 65±75% (Blau and Kahn, 1996) .
Using data from the GSOEP (German Socioeconomic Panel), Prey (1999) and Lauer (2000) also find that the gender wage gap is slightly decreasing in West Germany and they emphasize that the gender-specific wage distribution has not at all been stable during the last decades. Therefore, the movements of the entire wage distributions of males and females have to be taken into account Kahn, 1996, 1997) . It is not clear if wage distributions for different types of workers change in the same way. Prey (1999) concludes that the decline in the gender wage gap represents disproportionate wage growth in the lower part of the wage distribution for both males and females (a related argument is made by Hunt, 1997, for East Germany) . For the time period from 1975 to 1990 , Fitzenberger (1999 2) finds that, both overall as well as within groups of the same formal skill level, wage dispersion increased for fulltime working males and decreased for full-time working females. At the same time, a much stronger trend towards skill upgrading is observed for females compared to males. Kunze (2000) , investigating entry wages of young skilled workers and their early career, finds that a high entry wage differential between skilled male and female workers exists, which persists during the early career.
Our brief review of the literature reveals that a comprehensive descriptive analysis of gender wage differences for West Germany over a long time period is needed. Such an analysis should be based on a large data set and it should go beyond decomposition techniques which are mostly restricted to`explain' gender-specific differences in mean wages. The observation of differences in wage growth at different points of the wage distribution demands a more detailed analysis. Such distributional effects could explain why decomposition exercises are often plagued by identifying strong counteracting effects which are associated with fairly small aggregate changes (Prey, 1999; Lauer, 2000) . Our intention is to investigate the differences in the wage distributions for male 2.
In contrast, Weiler (1997) presents descriptive evidence that gender-specific wage differentials in West Germany have not changed since 1978. Her analysis is based on data from German official statistics for groupings in pay schedules according to the formal requirements of a job. It is not straightforward to relate these wage data to the evidence based on individual data. and female workers of the same age and the same formal skill level and how these differences change over time.
Applying the empirical framework first developed by MaCurdy and Mroz (1995) , this paper estimates a parsimonious descriptive model describing lifecycle, birth cohort, and time effects on wages. Various tests are performed as to whether cohort effects exist and whether time trends are uniform across the wage distribution. The differences in the estimated time trends are interpreted as changes in the gender wage gap between male and female workers of the same age and the same formal skill level. Our findings should be viewed as stylized facts on the gender wage gap in West Germany over the time period from 1975 to 1995. Despite the descriptive nature of the analysis, our findings contradict some simple hypotheses regarding the nature and the dynamics of the gender wage gap.
Our main results are the following:
(i) We do not find cohort effects for wages of female workers.
(ii) In general, wage trends for part-time working females are quite different from full-time working females. (iii) For all types of workers, we can identify a uniform time trend across all birth cohorts. (iv) Contrasting the estimated time trends, the gender wage gap has narrowed substantially in the lower part of the wage distribution for full-and parttime working females (especially for low-and medium-skilled women). Wage trends have been much less beneficial for high-skilled females. (v) Wage growth over the life-cycle is much lower for females compared to males (it may even be negative in the lower part of the wage distribution) and the life-cycle profiles appear not to have changed over time. (vi) Our findings confirm the importance of distributional effects.
The remainder of the paper is structured as follows. Section 2 describes the data (IAB employment subsample) used for the empirical analysis. Some basic descriptive evidence on the gender wage gap in the entire distribution is presented in Section 3. Our empirical framework to test for uniformity of wage trends and to identify cohort effects is developed in Section 4. Making use of this framework, Section 5 describes the main empirical results obtained in this paper. As a conclusion, Section 6 interprets the empirical results. The final appendix comprises tables and figures referred to when discussing the empirical results.
security accounts which has only recently been made available by the research institute of the Federal Employment Service (`Institut fu Èr Arbeitsmarkt-und Berufsforschung') in Nu Èrnberg. The data set is extraordinarily large. Each annual cross-section contains about 200,000 individuals. The main features of the data set and a users' guide can be found in Bender et al. (1996) . 3 Social security contributions are mandatory for employees who earn more than a minimum wage threshold and who are working regularly. The main exceptions are civil servants who do not pay any social security contributions. Further exclusions from the mandatory contributions are students who work less than 20 hours a week on a regular basis or less than six weeks full-time. About 80% of the German employees are covered by this mandatory pension system.
We restrict the analysis to workers who are between 25 and 55 years old to avoid interference with ongoing education and early retirement. Workers are grouped by their skills according to the following formal education levels given in the IABS:
(U) without a vocational training degree (low-skilled) (M) with a vocational training degree (medium-skilled) (H) with a technical college (`Fachhochschule') or a university degree (high-skilled)
There are quite a number of missing values for the skill variable in the data (around 3.3% of all employment spells for males, 3.7% for full-time females, and 7.5% for part-time females). However, these missing values can be reduced using the skill information recorded in previous spells of the same individual or, if information from previous spells is not available, in future employment spells assuming that the skill level does not change after the age of 25 years. This correction reduces the share of employment spells with missing skill information to 2.13% for males, 2.52% for full-time females, and 6.1% for parttime females. The data set does not include information on hours worked. However, one can distinguish between full-time and part-time employment and, for spells in part-time employment, it is recorded whether the hours of work are either less ( less than or equal to) or more than half of the regular working time. Regarding gender and employment status, we consider three groups of workers:
• full±time working males; • full±time working females; and • females working part-time;
as it turns out that only a negligible proportion of males is working part-time. For females working part-time, we also record in each cell the share of those working less than half of the regular working time.
3. This guide describes the first release of the IABS comprising the time period 1975 to 1990. The construction of the data set is basically the same for the two time periods; see Bender et al. (2000) .
From the IABS, we construct wage and employment information by cells defined by skill, gender, and employment status. The basic information in the IABS consists of social security insurance spells comprising the starting point and the end of an employment spell and the average daily gross wage (excluding employers' contributions). The daily gross wage is censored from above (topcoded) and truncated from below. If the wage is above the upper social security threshold (`Beitragsbemessungsgrenze'), the daily social security threshold is reported instead. If the wage is below the lower social security threshold, the employee does not have to pay a social security contribution and therefore does not appear in the data. The level of both thresholds changes annually. A wage below the lower threshold level implies that employment is only part-time and typically much less than half of the regular working time.
Because of censoring from above, we use quantiles of daily gross wages. For our analysis, an annual wage observation is calculated as the weighted average of the wage observation of the individual for all spells within one year where the spell length is used as the weight. For the subsequent calculations, the annual wage observation is weighted by the total employment spell length as a percentage of the whole year. These weights are used to calculate the 20%, 50%, and 80% quantiles of wages ± as long as these quantiles are not censored ± and raw employment weights for all individuals in cells defined by skill group, gender, employment status, age, or year. With multiple spells (jobs) at the same time (cf. Bender et al., 1996, p. 74) , we take the sum of the daily wages across spells as the wage observation and treat the individual as full-employed. Without referring to this every time in this study, real wages are deflated by the price index for aggregate private consumption.
A problem of the data is the structural break in wages between 1983 and 1984; cf. Steiner and Wagner (1998) . Over time, the income components being subject to social security tax were extended; cf. Bender et al. (1996, p. 15) . In particular, starting in 1984 one-time payments to the employee had to be taxed. Steiner and Wagner note that this results in a considerable spurious increase in earnings inequality due to the structural break in the data. To correct for this problem, we use the procedure suggested in Fitzenberger (1999, Appendix) . This procedure estimates the spurious wage increase in the upper part of the wage distribution between 1983 and 1984. Then, individual wages before 1984 are corrected based on the position of each worker in the marginal distribution of wages.
DESCRIPTIVE EVIDENCE
This section presents the basic trends in wages for full-time working males, and for full-time and part-time working females over the time period from 1975 to 1995. At this point, we develop an overall picture about wage trends over this period. Therefore we do not control for participation changes and composition bias, which are presumably serious problems for females in general and even more for part-time working females. Figure 2 (see Appendix for graphical illustrations) depicts wage trends for men as well as for full-and part-time working women at three quantiles (20%, 50%, and 80%) of the unconditional wage distribution. The results include observations without skill information but there are basically no changes if missing values are excluded. It is clearly visible that log real wages of males and females exhibit a different trend from 1975 to 1995 (see graphs to the right of Figure 2 for cumulated growth of log real wages over time).
The increasing inequality of the male wage distribution contrasts sharply to the nearly constant or even slightly decreasing inequality for females. The difference between the 20% and the 80% quantile of the male wage distribution increases over time and has grown by 15% in 1995 compared to 1975. Most of the increase in inequality occurs in the upper part of the distribution. While men face increasing inequality, full-time working females experience a compression. They gain most at the 20% quantile, resulting in a decrease of inequality from below, and both the median and 80% quantile move in a nearly parallel fashion. A slightly different picture emerges for the case of female part-timers. The 80% quantile starts to grow disproportionately in the middle of the 1980s, whereas during the time before the 20% quantile grows fastest. Thus the trend for female part-timers has reversed from wage compression until 1985 to increasing inequality afterwards.
The cumulated growth of log real wages over time 4 is almost highest for males at the 80% quantile (35%), but wage growth of the lowest quantile of fulltime working females is even a little bit higher than the wage growth of the highest quantile of full-time males and also that of part-time females. The graphs show further that males in the lower part of the distribution experienced the lowest wage growth of about 20% and 25% respectively, whereas the 20% quantile of full-time women exhibits the strongest rise in real wage of approximately 36%. As far as the 80% quantiles of the female wage distributions are concerned, it is obvious that their wage growth differs, if at all, only slightly from the growth of the 80% quantile of the male wages.
The first impression is therefore that, on the one hand, the raw wage distribution of men became more unequal while the distribution of full-time females became more compressed, and that, on the other hand, the lower quantiles of full-and part-time working women caught up over time compared to the wage development of males in the lower part of the distribution.
It will be investigated next to what extent the unconditional wage distributions absorb wage differences by the aforementioned skill levels: lowskilled (U), medium-skilled (M), and high-skilled (H).
A restriction of the data is the censoring of the daily wage from above at the social security threshold which is particularly important for high-skilled males. In this case, it is not possible to plot the log real wages for the 50% and 80% 4.
In the following we abbreviate this to`wage growth'.
quantiles. For high-skilled full-time females the 80% quantile is censored from above as well, but only for the first seven years of the observation period. Furthermore, we do not put much emphasis on high-skilled part-time working women because of the heterogeneity and the highly irregular wage patterns for that group.
The development, which we have seen in unconditional log real wages, varies much more if we control for skill level (Figures 3 and 4 ). For males, inequality is clearly related to the skill level. The higher the skill level, the higher the increase in inequality. The picture for full-time females looks somewhat different: wages have been growing very strongly at the 20% quantile of low-and medium-skilled female full-timers. The message is the same for female part-timers: here we find a disproportionate increase of wages at the 20% quantile of the high-skilled and increasing inequality of wages for medium-and low-skilled female part-timers since the middle of the 1980s. Summing up, we find compression in the case of female full-timers (U) and (M) as well as female part-timers (H) and increasing inequality for males in general, female part-timers (U) and (M) as well as full-timers (H).
The graphs show additionally that in general wage growth for all groups is positive over the 20 years as a whole but that all plots have a more or less pronounced pattern or cyclical`mega trend' in common: the growth rate of real wages is positive from 1975 to 1980, nearly constant or even negative until 1985 and again positive until approximately 1991/92. Then follows again a short period of stagnation and afterwards a further increase. Especially for the first 10 to 15 years of the observed time period this pattern is more or less visible in almost all plots.
Real wages increase over time at all quantiles and it is apparent that for (1) medium-skilled men from 1975 until 1995 and (2) part-time working women as well as (3) low-skilled men from the end of the 1980s on, the growth of real wages is higher at higher quantiles. Thus, there is a trend towards higher overall inequality in wages. But while this development is not very strong both for lowand medium-skilled female part-timers, for whom inequality rose only slightly between the 50% and 80% quantiles, it is most relevant for medium-skilled males over the whole period (and probably for the high-skilled because the wage growth of the 20% quantile of those males is the lowest of all groups and the upper quantiles are at least as high as the social security threshold). The opposite has happened for female full-timers at low-and medium-skill level. While for medium-skilled full-time females the distribution from the beginning in 1975 became steadily more equal, this trend started in the middle of the 1980s for the low-skilled.
These findings are, at least for men, in sharp contrast to findings in OECD (1993, 1996) for West Germany based on the German Socioeconomic Panel (see also Wagner, 1998, and Mo Èller, 1999) . The OECD studies argue that during the second half of the 1980s wage inequality was slightly decreasing and this compression continued into the 1990s. Our evidence corresponds to the findings in Blau and Kahn (1996) , who argue that there is substantially more compression of wages at the bottom of the wage distribution in countries like West Germany compared to the United States due to different institutional settings. From a dynamic perspective, it is quite conceivable that a trend towards higher inequality in West Germany is mitigated in the lower part but not in the upper part of the distribution.
The important question to be asked is whether and by how much female wages have caught up compared to male wages over time. Figure 5 offers descriptive evidence that low-and medium-skilled female full-and part-timers mainly in the lower part of the wage distribution have made some gains. The figure shows the difference in cumulated growth of log real wages between women and men of the same skill group at the same quantiles of the wage distribution. High-skilled females are compared to medium-skilled males due to censoring of wages in the case of high-skilled males.
The picture is twofold: from 1975 until the early 1980s women lose some ground or cannot improve their wage position very much in almost all cases. In 1985 we see on average a 5% loss for low-and medium-skilled full-and parttimers, except at the 20% quantile, compared to 1975. The loss of high-skilled full-and part-timers is even worse and amounts to nearly 15% in the extreme. In the mid-1980s there seems to be a turnaround. The trend is mostly positive after 1985/86 so that, in most cases, the status quo of 1975 can be re-established or exceeded, respectively. As far as the whole time span is concerned the strongest improvement is found at the 20% quantile. The gain at the 20% quantile amounts to almost 10% for low-skilled full-and part-time working women, and medium-skilled working women compared to men of the same skill level. Full-time working women of medium-skill level improved their position a little bit more than 10%. The same pattern shows up at the 50% quantile but on a lower level of nearly 5%. For high-skilled women, full-and part-timers, the picture is worse. Summing up the trends for all quantiles of full-and part-timers, except for the 20% quantile of the part-timers, one can state that all seem to be worse off in 1995 than in 1975 in spite of the upward trend starting in the middle of the 1980s.
Low-skilled female part-timers show the most uniform development over all quantiles compared to the other groups. Those women lost 5% in the first half of the observation period but caught up by 10% in the second half.
Summarizing, one can conclude that there has been a rise in overall wage inequality from 1975 to 1995 for men, but a compression of the distribution for women. However, these changes in inequality have not at all been uniform. Quite complex changes can be observed within and across skill groups and across males and females of different employment status. Therefore our subsequent analysis tries to shed more light on the wage trends across and within skill groups separately for men and full-time and part-time working women. We will investigate how much of the observed changes can be attributed to changes over time in the age distribution of employees by gender, skill group, and employment status. Furthermore, we will show how wage positions of women have changed over time in direct comparison to male workers by means of comparing their estimated macro time trends.
EMPIRICAL FRAMEWORK
This section presents the empirical framework to investigate the movement of the entire wage distribution for synthetic cohorts (defined by the year of birth) over time. The basic version of this framework was first developed by MaCurdy and Mroz (1995) for the context of trends in median wages for male workers in the United States. Variants of this framework are applied in Fitzenberger et al. (2001) for West Germany and in Gosling et al. (2000) for the UK. Fitzenberger (1999, Ch. 3) extends the framework to study uniformity of wage trends across the entire distribution in the context of estimating quantile regressions for fulltime working males in West Germany based on a shorter time period than considered in this study. The presentation in this section follows Fitzenberger et al. (2001) and Fitzenberger (1999) .
In order to distinguish between shifts and within shifts in the wage distribution, we estimate various quantile regressions. Regarding the rising labor force participation rates of females, it is often argued that the behavior of females has changed such that younger cohorts are more attached to the labor market. Testing for uniformity across cohorts and across quantiles for given cohorts allows to investigate, whether the entire wage distribution has shifted uniformly over time. Alternatively, it could be the case that wage trends differ across cohorts indicating the presence of`cohort effects' and by quantiles indicating a trend towards increasing or decreasing within-group wage dispersion. Under certain conditions, as will be made precise in the following, a cohort effect designates a movement of the entire life-cycle wage profile for a given cohort relative to other cohorts. In providing a parsimonious representation of trends in the entire wage distribution, we are able to pin down precisely the differences in wage trends across groups of workers defined by gender, skill level, and employment status. Basing the estimates on all years of observation, we are not restricted to a pointwise comparison of one-dimensional summary measures of average wage differences in two particular years as is often done in the literature. In light of the descriptive evidence presented in the previous section, we explicitly take into account the possibility that wage differences are sensitive to the business cycle as well as that they differ by age and by the position in the wage distribution.
The emphasis here is on separating cohort effects from age and time effects in a situation where we cannot explicitly measure cohort characteristics. We view cohort effects as characteristics of a birth cohort when it enters the labor market having a permanent effect on the labor market conditions (here the wage profile) over the entire life-cycle of the specific birth cohort. Such cohort effects can reflect the size of the birth cohort, the quality of the education ß Verein fu È r Socialpolitik and Blackwell Publishers Ltd 2002 obtained, and the state of the labor market when entering (with permanent effects in a labor market where careers are highly dependent on the starting point or the choice of occupation). In the context of this paper, cohort effects for women can reflect the changes in the sociological role model which has an effect on the upbringing and the education of females resulting in differences in career orientation and labor market attachment across cohorts. In addition, social and political efforts to reduce the gender gap in the labor market may be specifically targeted at young women when entering the labor market. However, if the aforementioned changes affect all cohorts of workers present in the labor market in the same way (e.g. changes in the role model have the same effect on young and old women) then our subsequent analysis will identify such changes as time effects which uniformly affect all cohorts.
Characterization of wage profiles
We denote the age of an employee by and the calendar time by t. A cohort c can be defined by the year of birth. The variables age, cohort, and calendar year are inherently linked by the relation t c resulting in the well-known identification problem; see Heckman and Robb (1985) . Studies of wage trends often investigate movements of`age±earnings profiles'
The deterministic function f measures the systematic variation in wages and u reflects cyclical or transitory phenomena. For a fixed year t, the function f tY yields the conventional cross-section wage profiles. Movements of f as a function of t describe how cross-section wage profiles shift over time. The crosssectional relation f as a function of age does not describe`life-cycle' wage growth for any cohort or, put differently, the cross-section relation may very well be the result of`cohort effects'. In fact,`cohort±earnings profiles' are statistically indistinguishable from`age±earnings profiles'. Wage profiles can also be expressed as a function of cohort and age gcY gt À Y f tY 2
where the deterministic function g describes how age±earnings profiles differ across cohorts. Holding age constant, gcY describes the profiles of wages earned by different cohorts over time. Holding the cohort constant yields the profile experienced by a specific cohort over time and age. The latter is referred to as the`life-cycle profile', because it reflects the wage movements over the life-cycle of a given cohort.
To fix ideas graphically, Figure 1 depicts the actual wage profiles L 0 L H 0 , L 1 L H 1 , and L 2 L H 2 experienced by three cohorts c 0 Y c 1 , and c 2 , respectively, over their lifecycle when their age and time passes, i.e. the three curves represent the gcY function for changing and fixed c. Each cohort profile starts from the line EE H which describes the wage experienced by each cohort at the fixed age e when entering the labor market, i.e. the curve represents the gcY function for changing c and fixed e .
The different parameterizations gcY and f tY are equivalent representations of the same wage profile. Without further assumptions,`pure lifecycle effects' due to aging or`pure cohort effects' cannot be identified. Focusing on wage trends for a given cohort over time, we use the cohort representation of wage profiles as the perspective of our analysis.
Testing for uniform wage growth
Our analysis investigates whether wage trends are uniform across cohorts in the sense that every cohort experiences the same time trend in wages and the same age-specific wage growth. The latter can be attributed to labor market experience and is interpreted here as a pure life-cycle effect. Despite the identification issues discussed above, the existence of a uniform time trend across cohorts is a testable implication in the framework presented here. If such a uniform time trend is found, it is designated as the macroeconomic wage trend for the group of workers considered. 5 However, as will be seen from the 
as a function of t (and age t À c i ).
5.
If no uniform trend is found, the average across age groups combines age, time, and cohort effects.
empirical results reported in the following, these uniform time trends differ by skill level, gender, and employment status. Two notions of wage growth prove useful: first, wage growth for a given cohort in the labor market over time (`Insider Wage Growth'), and second, wage growth over time experienced by successive cohorts when entering the labor market (`Entry Wage Growth').
Insider wage growth' refers to the wage growth experienced by the workers after their labor market entry. This notion of an insider is different from the concept in the insider±outsider theory of wage setting and unemployment. Insider wage growth is given by
comprising the simultaneous change of time and age. This is the wage growth along the cohort wage profiles L 0 L H 0 , L 1 L H 1 , and L 2 L H 2 , respectively, in Figure 1 . Alternatively, holding age constant yields the change of wages earned by different cohorts at specific ages. For the age at labor market entry, e , entry wage growth is given by dg dt e dg dc e g c cY e g c t À e Y e et 4 again comprising two effects, namely a change of cohort and time. This is the wage growth along the line EE H in Figure 1 . Now, two testable separability conditions implying uniformity of wage trends can be introduced. If wage growth can be characterized as the sum of a pure aging effect and a pure time effect in the following way: g a bt a bc 5 then life-cycle wage growth is independent of the calendar year t. This condition is designated as the`uniform insider wage growth hypothesis' which we denote by H UI . It implies that each cohort faces the same wage growth over the life-cycle due to aging a and that economy-wide shifts bt are common to all cohorts in the same year but they occur at different points during the lifecycle of each cohort. If the separability condition (5) where G Kc is the cohort-specific constant of integration. At a given point in time, the wages of cohorts differ only by the age effect, given by A, and by a cohort-specific level, given by Kc. In Figure 1 , the cohort wage profiles L i L H i i 0Y 1Y 2 start from the line EE H at labor market entry age. Specification (6) puts no restriction on the shape of EE H (Kc and Bt can vary freely) but, given the starting level on EE H , wage growth across the cohort is additively determined by the two components a and bt. These two separate components determine the shape of the cohort wage profiles L i L H i for all cohorts. H UI can be tested by investigating whether`interaction terms' RY t enter specification (6) which are constructed as integrals of interaction terms of and t in g .
If, in addition to uniform wage growth across cohorts, the growth of entry wages equals the macroeconomic wage growth et bt 7 a stronger hypothesis can be formulated which we designate as the`uniform wage growth hypothesis' denoted as H U . Again, this can be tested. Given specification (6), condition (7) implies that Kc is equal to zero for the cohorts entering the labor market during the period of observation. Under this hypothesis, the cross-section age profile f tY for fixed t is shifted in a parallel function over time by bt. Age-related wage growth is given by the cross-section age profile. In Figure 1 , entry wage growth EE H is given by bt and the shape of the difference between each cohort profile L i L H i and EE H is constant across cohorts. This difference exhibits exactly the shape of the crosssection age profile.
Empirical implementation
In order to describe wage profiles and to test the implications of uniform insider and entry wage growth, we specify the wage function gcY using a fairly flexible functional form, which nests the different hypotheses about uniform wage growth as special cases.
A general regression equation for the wage of individual i in the sample year t can be written as:
where iYt and c i denote the age of individual i at time t and the cohort of individual i, respectively. We further decompose the error term into a periodspecific fixed effect " u t and a stochastic error term u it . In the empirical analysis, we take the age of 25 years as the entry age into the labor market and we define age À 25a10 and therefore e 0. Analogously, since the observation period starts in 1975, we define time t calendar year À 1975a10. For each cohort, c corresponds to the time t at which equals zero. For the cohort of age 25 in the year 1975, c equals zero and older cohorts have negative values for c. As a flexible empirical approximation of the wage profile imposing the hypothesis of uniform insider wage growth, we use polynomials in age, cohort, and time:
A a 1 A 2 a 1 a 2 2 a 3 3
Kc 1 c 1 À K b c K a c with 1 for c ! 0 and 0 else
The choice of polynomials is justified since the analysis does not intend to forecast wages outside the observed sample. For older cohorts, entering before the sample period (i.e. before 1975), the cohort term takes the form Kc 1 c K b c and for younger cohorts, entering during the sample period (i.e. after 1975), the cohort term is Kc 1 c K a c, where:
K b c b2 c 2 b3 c 3 and K a c a2 c 2
Higher-order terms in K b c and K a c, respectively, did not prove significant.
Since c takes the value zero for cohorts of age 25 in 1975, Kc is zero for this specific cohort and the cohort effects are centered around this cohort.
We include year dummies which are orthogonalized with respect to Bt in order to estimate the period-specific fixed effects " u t . The specification of the estimated wage function is augmented by time dummies 1995 i1975 i YD i , where YD i are year dummies and the i 's are orthogonalized with respect to Bt by estimation under the orthogonality restrictions 1995 i1975 i t p i 0 with p 0Y 1Y F F F Y 5 10 and t i being the value the variable t takes for the calendar year i. The orthogonalization implies that Bt is estimated as if no cyclical effects were present in the regression. Thus, Bt can be interpreted as the trend component and the orthogonalized remaining time effects as the cyclical component.
The hypothesis of uniform insider wage growth requires equation (6) to hold against a more general alternative, whereas the (stronger) uniform wage growth hypothesis additionally requires the coefficients of K a to be zero. Formally, it is also possible to test the hypothesis that the cohort effects K b are zero. But this test of equation (7) for older cohorts is not directly based on the entry wages of these cohorts. Instead, it relies on the implications of the hypothesis for the wage profile in later stages of the life-cycle.
In order to formulate a test of the hypothesis of uniform insider wage growth, we consider in the derivative g the following interaction terms of age and time: tY t 2 Y 2 tY 2 t 2 11
The implied non-separable variant of gcY expands (6) by incorporating the integrals of (11) which are denoted by R 1 Y F F F Y R 4 . For instance, R 1 is defined as follows:
where ic denotes the integration constant. Without loss of generality, we set ic equal to zero. Consequently, the most general formulation of equation (8) becomes
estimated under the orthogonality restrictions in equation (10). A formal test of the uniform insider wage growth hypothesis is:
and the test of the stronger hypothesis of uniform wage growth is:
Only if the separability condition H UI holds, is it meaningful to construct an index of a life-cycle wage profile as a function of pure aging and a macroeconomic trend index. Otherwise, a different wage profile would apply for each cohort. Thus, provided H UI holds, the life-cycle L is given by lnw L a 1 À 1 A 2 16 and the macroeconomic m wage trend index is given by
When interpreting these indices, it is important to recognize that neither the level nor the coefficient on the linear term are identified in a strict econometric sense. In fact, identification relies on the assumption that the coefficient on the linear cohort term is equal to zero. This assumption is motivated by equation (5) ± provided it is justified in light of the data ± which allows to decompose ß Verein fu È r Socialpolitik and Blackwell Publishers Ltd 2002 wage growth into a pure age and a pure time effect which are both common to all cohorts in the labor market. In light of this condition, setting the linear cohort term to zero is quite natural. If, for instance, also entry wages grow at the same rate as the time effect bt before and during the sample period, the entire cross-section profile f Y t exhibits purely parallel shifts over time, a situation one would not naturally characterize by`cohort effects'. When uniform insider-wage growth is accepted, our notion of a cohort effect requires a situation where the differences in starting points of the common life-cycle profile differ from the macroeconomic wage growth experienced by the cohorts in the labor market.
Quantile regression approach
The literature typically investigates movements in mean log wages based on least squares (or Tobit for the case of censoring) estimation procedures. This allows one to measure how the mean of the conditional wage distribution differs across workers with different socioeconomic characteristics and how that mean changes over time. However, it is also of great interest to measure within-group differences and their movement over time. Another group of more descriptive studies (see among others OECD, 1996) , describes the time trends in quantile differences of wages for some broadly defined groups of workers (like full-time working males or females) in order to analyze trends in wage dispersion on a fairly aggregated level. However, it is rarely analyzed whether within-wage dispersion differs across workers with different characteristics. Quantile regressions, developed by Koenker and Bassett (1978) , provide a useful tool to study wage differences both across and within groups of workers with different socioeconomic characteristics and how they evolve over time. In addition, quantile regressions exhibit certain robustness properties due to the insensitivity of empirical quantiles to outliers in wages and the fact that they can be extended to the censored case without losing their robustness properties; see Powell (1986) . We estimate quantile regressions of wages
where q lnw iYt jcY Y denotes the quantile of the wage in cohort±age cell cY ( cohort±year cell cY t where t c ). The vector comprises the coefficients in equation (13) relating to the set of regressors ( powers of cY , and t; year dummies). In the empirical analysis, we model the following quantiles: 0X2Y 0X5Y 0X8 (20%, 50%, and 80% quantiles). u t represents the quantile-specific cyclical year effects.
How do quantile regressions relate to the empirical framework discussed so far in this section? As suggested in the previous paragraph, wages can differ considerably within a cohort±age cell and the size of this within-wage dispersion can differ systematically across cells. Therefore, it does not suffice here to implement the wage specifications introduced in Section 4.3 in order to describe the differences across cells in representative points (mean, median) in the within-cell distributions. Using quantile regressions for different quantiles, we model the differences across cells in the within-cell distribution both in terms of the location and the within-dispersion. To illustrate this point, let us discuss age effects in quantile regressions. If age exhibits the same coefficient at all quantiles the within-cell wage distribution simply shifts its location when a cohort ages without a change in the within-dispersion. If, however, the age effect is larger at higher quantiles compared to lower quantiles ± which is often found in empirical applications ± then, in addition to a non-uniform location shift of the cell wage distribution, the within-cell dispersion increases when a cohort ages.
To estimate quantile regressions, we use a simplified minimum-distance approach suggested by, among others, Chamberlain (1994) 6 for the estimation of quantile regressions when the data on the regressors can be grouped into cells and censoring is not too severe. The approach consists of calculating the respective cell quantiles in a first stage and regressing (by weighted least squares) those empirical quantiles, which are not censored, on the set of regressors in the second stage. For the data set used in this study, the cell sizes are large enough for making this a fruitful approach (Chamberlain suggests cell sizes of at least 30). However, we do not estimate the 80% quantile for males in skill group (H) since censoring is too severe in this case. When applying the minimum-distance approach, we use the cell sizes as weights, but we do not attempt to weight the cells efficiently using an estimate of the variance of the empirical quantile. Available estimators of the variance within cells typically require an i.i.d. assumption within the cell, which we do not find credible, and an estimate of the density at the quantile under investigation.
We use a block bootstrap approach to estimate standard errors which take account of heteroskedasticity as well as correlation over time and across adjacent cohorts (see the Appendix). Our standard error estimates are also robust with respect to the weighting procedure.
EMPIRICAL RESULTS
Based on the empirical framework introduced above, this section discusses the estimated specifications and then presents the empirical results.
6.
This approach was also used in MaCurdy and Mroz (1995) , Fitzenberger et al. (2001), and Fitzenberger (1999) .
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Estimated specifications for wage equations
Depending on the degree of uniformity in wage growth imposed, we estimate five specifications (models 1 to 5) of equation (12) for the 20%, 50%, and 80% quantiles for males, full-time working females, and part±time working females by skill groups (U), (M), and (H). 7 The high degree of censoring allows only estimation for the 20% and the 50% quantiles in the case of high-skilled (H) males.
The most general specification (model 1) is given by
where the age polynomial is of order 3, the time polynomial of order 5, and c b and c a are the cohort terms before and after 1975. YD i are cyclical year dummies which are orthogonalized with respect to the time trend. Only for part-timers we include the share of females working less than half full-time hours (klh) and its interactions with the linear terms of age and time. The share (klh) differs across cohort±age cells. Models 2 to 5 are restricted with respect to separability of wage growth into time and age effects and the existence of cohort effects (see Table 1 ). To test this wage growth hypothesis, which we have denoted as H UI and H U in Section 4.3, we carry out a sequence of Wald tests based on the block bootstrap procedure described in the Appendix. Starting from model 1, we test consecutively whether models 2 to 5 provide a sufficient description of the data. The tests show that the final specifications are appropriate for all quantiles under consideration within the various groups. Separability of wage growth into time and age effects is never rejected. Amongst the accepted specifications, we choose the most restrictive versions (see Table 1 ) as our final models. To save space, we do not show the test results for females in Table 1 . According to the tests for full-time and part-time employed females, model 4 (no cohort effects) is the appropriate model.
In contrast to females, we find a variety of cohort effects for males: model 2 allows`cohort effects' to operate both for the cohorts entering the labor market before and during the sample period. However, it still restricts wage growth to be uniform across cohorts after having entered the labor market. This model is appropriate for medium-skilled males. In contrast, model 3 restricts wage growth to be uniform across all cohorts only during the sample period. Wages
7.
Based on data for a shorter time period and only for males, similar models were estimated for the median in Fitzenberger et al. (2001) and for the same three quantiles as here in Fitzenberger (1999, Ch. 3). of new cohorts entering the labor market grow at the same rate as wages for older cohorts apart from life-cycle effects. Nevertheless, it is possible that crosssection age profiles of wages change over time due to`cohort effects' before the start of the sample. This model is appropriate for low-skilled males. Model 5 allows cohort effects to occur only for workers who entered the labor market during the observed time span. In this model, entry wages after 1975 do not grow according to the estimated time trend; that means only younger cohorts experience cohort effects. High-skilled men are best represented by model 5.
As already mentioned, we find no cohort effects for females: according to model 4, which is the final specification for female full-and part-timers, wage growth within these groups can be described by a fixed cross-section age profile of wages which moves in parallel fashion over time. Thus, the cross-section age profile corresponds to the true life-cycle profile experienced by each cohort. 8 It is especially surprising that for women, in particular for women who started working during the observed 21 years, cohort effects are non-existent. 9 In our empirical framework the skill upgrading of females starting in the 1960s and 1970s seems to have no impact per se on female wages. We interpret the finding of cohort effects for the younger medium-and high-skilled men , applies to all models in the table. The hypothesis of uniform wage growth for cohorts entering the labor market after 1975, H U , applies only to models 2 and 3.`r.' (`n.r.') denotes that the hypothesis is rejected (not rejected) at the 5% level. Bold letters denote the preferred models. For detailed estimation results see the Appendix.
8.
In this situation, we do not consider cohort effects to be operating, which motivates the identifying assumption that the linear cohort effect in models 1 to 5 is arbitrarily set to zero and therefore can be completely ascribed to the age and time profiles. 9.
Computation with pooled data for part-time and full-time females exhibited significant cohort effects. In contrast, visual inspection of fitted cross-section profiles contradicted cohort effects because life-cycle profiles for given cells were quite constant over time.
entering the labor market after 1975 as effects of skill upgrading in a basically stable male employment setting. Therefore, it is obviously necessary to control for composition and selection effects of changes in female employment in further research from a labor demand perspective.
To complete the results on model specification, we have tested whether the quantile regression estimates differ significantly by quantiles. We mostly find significant differences even though these differences are often not economically meaningful. Instead of providing many test statistics (these test results are available on request), we choose to present this aspect by means of graphical illustrations of our preferred estimated models across quantiles in the next subsection. This way, we can directly emphasize the economically important differences.
Graphical illustrations
In the following, we present graphical illustrations of the preferred estimated models corresponding to the test results presented in the previous subsection. This is basically a decomposition of the trends in the raw data (presented in Section 3) into life-cycle, time, and cohort effects. These graphical illustrations (see the Appendix) are a convenient way of describing the main findings of this paper. First, since uniform insider wage growth (H UI ) is accepted for all specifications, it is meaningful to construct profiles of life-cycle wage growth and time trends. Then, we analyze male±female wage differentials in estimated time trends in order to investigate to what extent full-time and part-time working women were able to improve their wage positions compared to men. Figure 6 depicts the predicted life-cycle profiles for males and for full-time and part-time working females. The graphs for older high-skilled men at the 50% quantile and older high-skilled full-time women at the 80% quantile should not be taken too seriously because cells are censored in these cases. Therefore the predicted profiles for higher ages are to be viewed as out-of-sample predictions.
Life-cycle profiles
We find that, first, life-cycle wage growth of women is in almost all cases lower compared to males of comparable skill level. Second, wage growth tends to be stronger the higher the skill level. Third, full-time and part-time employment have different consequences concerning life-cycle wage growth, and fourth, there are remarkable differences in life-cycle wage growth across quantiles within and between the various cells.
The wage growth of low-skilled individuals is in general relatively weak with a maximum of nearly 20% for the 20% quantile of males and female parttimers. The life-cycle wage growth of medium-skilled men is much higher than for medium-skilled women and reaches 32%, 45%, and 60% (20%, 50%, and 80% quantiles). Moreover, for medium-skilled full-time employed women we observe a strong downward movement of the 20% quantile, summing up to around À20% at the age of 55. The median gains around 10% and the upper quantile 20% which is in both cases one-third of male gains. Part-timers' profiles are the flattest (a finding which is quite plausible taking into account the presumably lower rate of human capital accumulation of part-timers) with only marginal differences between the 80% quantile and the median. Both reach 10% at the end of their working life. High-skilled (H) women (part-timers and full-timers) exhibit a positive growth which ends at 55 years at around 20% for the 20% quantile, at around 30% for the 80% quantile, and 40% respectively 50% (for part-timers) for the median. For men at the 20% quantile, we observe a strong growth of 55% which is even stronger than the growth of the most successful parts of both female wage distributions in skill group (H). 10 Because life-cycle profiles differ very much between males and females and skill levels, we observe different trends of wage inequality within cells. For male and female low-skilled workers wage inequality is nearly stable over the lifecycle. It increases very little in the case of full-time employed women and decreases both for males and part-time employed females. Medium-skilled males and females face a rather strong rise in within-cell inequality of wages over the life-cycle due to different movements of the various quantiles within the cells. Figure 7 depicts the estimated time trends without cyclical effects based on the preferred final specifications. Based upon the acceptance of the uniform wage growth hypothesis, these time trends summarize the shifts in the wage distribution within and between the skill groups over time and entry wage growth in settings for which K a 0 is accepted. The latter is always the case except for medium-and high-skilled males (see Tables 2±5 in the Appendix) . The estimated time trends are used to show graphically the changes in male± female wage differences for given characteristics of the employees over the time period from 1975 to 1995.
Time trends
A first glance at the figures reinforces the impression we got already from the raw wage distributions in Section 3. Men and women experience rather different wage trends over time and there are further differences between fulltime and part-time working females as well as across skill groups. With the exception of high-skilled part-timers, women of all skill groups at all quantiles experience a stronger wage growth than their male counterparts. Wage growth is, in almost all cases, positive across the entire time period. For males and lowand medium-skilled female part-timers, we observe a tendency to rising inequality over time, beginning in the mid-1980s. For female full-timers inequality is rather decreasing. Between skill groups, wage differences tend to decline over time for males and female full-time and part-time employees.
10.
The estimation of the 50% quantile cannot be interpreted after age 35. The reason for the somewhat peculiar course of the 50% quantile is the fact that almost all medians above the age of 35 are censored. Finally, we would like to summarize graphically the improvement of female wages compared to male wages by comparing the time trends of males and females of the same age and skill group. For this purpose, we have calculated relative differences of male and female time trends which we have studied separately so far. Full-time working females of skill group (H) are compared to males of skill group (M) because of the severity of censoring for high-skilled males. Furthermore, we do not discuss the small group of female part-timers of skill group (H) because of the irregular trends in this case.
All graphs (see Figure 8 ) show basically the same pattern, namely a general improvement of the female wage position which amounts to at least 10, and to at most 27 percentage points. Another important result is that the largest gains are mostly to be found at the 20% quantile. In particular, this is true for lowskilled part-timers (19%) and full-timers (22%) and for medium-skilled fulltimers (27%). Medium-skilled part-timers in the lower part (20% quantile) of the distribution, despite the larger gains at the other quantiles within that cell, catch up by 14 percentage points. The trends at the other quantiles by skill levels are rather complex. At the median, medium-skilled part-timers are most successful. Here, median growth is stronger than the growth at the other two quantiles. High-skilled full-timers in comparison to medium-skilled males are the least successful of all females. Their catching up amounts to`only' 10 percentage points at average and varies only slightly over the different parts of the wage distribution. As part of future research, it has to be investigated from a labor demand perspective whether the wage gains in the lower part of the wage distribution were associated with disproportionate job losses in this segment of the labor market (see Hunt, 1997 , for such an interpretation in the case of East Germany).
CONCLUSIONS
In this paper, we provide a comprehensive descriptive analysis of the level and the dynamics of the gender wage gap between 1975 and 1995 in West Germany, across the entire wage distribution, taking into account life-cycle and birth cohort effects. We prefer to investigate the entire distributions of males and females because of the shortcomings of conventional decomposition techniques which only`explain' differences in mean wages and therefore overlook the important changes in the other parts of the distribution. A decomposition of mean wage differences may lead to misleading interpretations since distributional and compositional effects can possibly be confounded. Therefore, we use quantile regressions to separate the different effects and trends for different quantiles of the wage distribution, skill levels, cohorts, and employment status.
This paper mainly addresses the question how wages differ between male and female workers and between different skill groups over the life-cycle and over time. Life-cycle wage growth of women is always lower compared to males of comparable formal skill level. Life-cycle growth for part-timers is in general lower than growth for full-time employed females. This finding fits perfectly the conventional human capital perspective. Nevertheless, as an exception, life-cycle wage growth differs substantially between low-skilled and mediumskilled female workers in full-time and part-time jobs leading to different trends of within-cell distributions of wages. While the 20% quantile of low-and medium-skilled full-timers exhibits negative growth, the 20% quantile of parttimers grows most strongly.
The finding of negative life-cycle growth at the lowest quantiles of mediumand low-skilled full-time employed females may in general be attributed to different work careers of those females compared to females in the other parts of the distribution and to part-time employed females. But there are several other conceivable reasons for this finding, for example a higher risk of unemployment or a change in the within-cell distribution of unobservable skills. A higher risk of unemployment would lead to less human capital investment at an early age and stronger depreciation of human capital. Women more often work full-time at an early age and then interrupt full-time work temporarily or permanently at a later age. Therefore the mix of unobservable skills among full-time working women is likely to be much more heterogeneous at higher ages. These issues will be investigated in future research.
As far as time trends are concerned, we find that men and women experience rather different wage trends over time and there are further differences between full-time and part-time working females as well as across skill groups. With the exception of high-skilled part-timers, women of all skill groups and at all quantiles experience a stronger wage growth than their male counterparts. This translates into a narrowing gender wage gap over time. Women in part-time jobs experience a reduction in the gender wage gap to the same extent as women in full-time jobs. The least successful are high-skilled full-time employed women and the most successful are low-skilled and medium-skilled full-and part-time working females, especially at the 20% quantile. Because part-timers and full-timers have caught up to more or less the same amount, social efforts (e.g. union policies) to improve the relative earnings of women seem to have resulted in an improvement of the relative wage position of female workers both in regular full-time and part-time jobs, even though the latter are less institutionally regulated.
APPENDIX A

A.1. Block bootstrap procedure for inference
In the context of this study, we allow for the error terms being dependent across individuals within cohort±year cells and across adjacent cohort±year cells. The dependence is assumed to take the form of rectangular m-dependence ß Verein fu È r Socialpolitik and Blackwell Publishers Ltd 2002 across time and across cohorts. Temporary shocks (e.g. to labor demand) affecting the wages of a particular group of workers may generate autocorrelation of the error term over time because of lagged adjustment. Similarly, it is likely that adjacent cohorts (being close substitutes) are affected by the same shocks. Given our empirical approach, it would be very difficult to model such shocks. However, by estimating robust standard errors, we consider the possible presence of the implied correlation pattern in the error term.
We use a flexible block bootstrap approach allowing for standard error estimates which are robust against fairly arbitrary heteroskedasticity and autocorrelation of the error term; see Fitzenberger (1999) . The block bootstrap approach employed here extends the standard bootstrap procedure in that it draws blocks of observations to form the resamples. For each observation in a block, the entire vector comprising the endogenous variable and the regressors is used (design±matrix±bootstrap), i.e. we do not draw from the estimated residuals. When resampling, we draw two-dimensional blocks of observations of block length eight in the cohort and six in the time dimension with replacement, i.e. in our application a specific block consists of at most 48 different cohort±year cells. Accordingly, standard error estimation takes account of error correlation both within a cohort±year cell and across pairs of cohorts and time periods which are at most seven years in the cohort dimension and five years in the time dimension apart. To build up a resample, we draw as many blocks as necessary until the total number of observations (size of resample) is at least as large as the number of observations in the sample.
In addition to the cell quantile and the regressor vector, each cell also has a weight attached (number of workers) which is used in the weighted least squares regression on the resample. When the design matrix for a resample becomes rank deficient (this happens frequently with dummy specifications) the resample is dismissed. Contrasting the results presented in Section 5 with conventional standard error estimates (the latter are not reported here) indicates that allowing for correlation between the error terms within and across cohort±year cells (when forming the blocks) changes the estimated standard errors considerably. Thus, it is very likely that such correlation is present and important for inference. In the absence of a clear-cut decision rule about the choice of block size, we experimented somewhat with slightly smaller or larger blocks without changes in the substance of the results. Table 2 Parameter estimates of wage specifications for skill group (U) ± males M, fulltime F(F), and part-time F(P) working females (standard errors in parentheses ± preferred final specification only) Skill group: À0.058 ± ± À0.041 ± ± À0.047 ± ± (0.009) (0.008) (0.006) c 3 b À0.011 ± ± À0.009 ± ± À0.011 ± ± (0.003) (0.003) (0.002) c 2 a ± ± ± ± ± ± ± ± ± klh ± ± À0.008 ± ± À0.004 ± ± À0.002 (0.001) (0.002) (0.002) klh Ã t ± ± À0.003 ± ± À0.001 ± ± À0.002 (0.002) (0.001) (0.001) klh Ã ± ± À0.000 ± ± 0.000 ± ± 0.001 (0.000) (0.000) (0.001)
A.2. Tables and figures
Notes: The estimate of the covariance matrix is obtained using a block bootstrap procedure (1,000 resamples for skill groups (U), (M), and (H)). The blocks allow for dependence across six adjacent time periods and across eight adjacent cohorts. Cyclical year effects are omitted. À0.010 ± ± À0.019 ± ± À0.025 ± ± (0.002) (0.004) (0.006) c 2 a 0.020 ± ± 0.033 ± ± 0.035 ± ± (0.008) (0.009) (0.013) klh ± ± À0.006 ± ± À0.002 ± ± À0.003 (0.003) (0.001) (0.002) klh Ã t ± ± À0.001 ± ± À0.000 ± ± 0.000 (0.002) (0.001) (0.002) klh Ã ± ± À0.002 ± ± À0.000 ± ± À0.000 (0.001) (0.000) (0.001)
Notes: The estimate of the covariance matrix is obtained using a block bootstrap procedure (1,000 resamples for skill groups (U), (M), and (H)). The blocks allow for dependence across six adjacent time periods and across eight adjacent cohorts. Cyclical year effects are omitted. 
c 2 a 0.019 ± ± À0.020 ± ± ± ± ± (0.011) (0.011) klh ± ± À0.010 ± ± À0.007 ± ± À0.007 (0.003) (0.002) (0.002) klh Ã t ± ± À0.003 ± ± 0.004 ± ± 0.004 (0.002) (0.001) (0.002) klh Ã a ± ± À0.002 ± ± À0.002 ± ± 0.000 (0.001) (0.001) (0.001)
